The effect of interferon on the biochemical properties and the maturation process of intracellular viral particles isolated from the cytoplasmic fraction of NIH/3T3 cells chronically infected with Moloney murine leukemia virus was investigated. By labeling these virions with either [35S]methionine or [3H]glucosamine, we demonstrated that they contain the same viral proteins and glycoproteins found in extracellular virions. Interferon treatment was found to reduce the rate of intracellular virus assembly. This effect was not a consequence of an interferon inhibition of viral RNA synthesis or its translation or a consequence of an interference with the posttranslational cleavage processing of viral precursor proteins, since all of these steps were not affected by interferon. However, the reduced rate of virus assembly could be attributed to the inhibition of viral protein glycosylation observed in interferon-treated cells. Nevertheless, despite this reduced rate, virus particles accumulated in interferon-treated cells. This accumulation was probably due to the strong inhibition of their final release from such cells.
Interferon (IFN) has been shown by several laboratories to interfere with the replication of retroviruses (8, 17, 18) . However, the mechanism of its action against these viruses is not completely understood. For exogenous infection, it has been demonstrated that IFN interferes with the early stage of the virus replication cycle, probably before the integration of provirus DNA into the host genome (1-3, 5, 25, 26) . Some investigators regard this early interference as a minor effect of IFN, whereas the major target of its action is claimed to reside at the late stage of virus replication (29, 30, 38) . Likewise, different inhibitory effects of IFN have been described in chronically infected cells. Some studies strongly suggest that IFN inhibits the final release of virus particles from the cells (9-11, 19, 20) , re- sulting in an accumulation of cell-associated virions (9-11, 15, 33, 38) . Others indicate that the primary result of IFN action is the production of defective noninfectious virus particles (23, 27-29, 31, 38) , apparently due to interference with the processing of viral proteins (13) and their assembly into complete virions (7, 14, 27, 28, 37) .
It is not clear whether these effects of IFN are a consequence of its action on a single target or whether they indicate that IFN acts on various targets during the virus replication cycle. Furthermore, it is possible that these effects are a result of a cellular interaction with IFN rather than a result of the antiviral activity of IFN, as recently suggested by Czarniecki et al. (16) .
We recently reported data demonstrating the existence of intracellular reverse transcriptase containing virus particles in NIH/3T3 cells chronically infected with Moloney murine leukemia virus (NIH/3T3[MLV] cells) (33) . We showed that IFN treatment of the cells results in an accumulation of these intracellular virions (33) .
In this study, we further characterized the biochemical properties of these viral particles and attempted to elucidate the mode of IFN action against their formation.
MATERIALS AND METHODS Cells. NIH/3T3 mouse fibroblasts chronically infected with NIH/3T3(MLV) cells were used throughout this study. The cells were maintained in Dulbecco modified Eagle medium containing 10% newborn calf serum. In experiments with IFN, the serum concentration was reduced to 2.5%.
Interferon. Mouse IFN was prepared by infecting CCL-1 cells with Newcastle disease virus and was partially purified as described elsewhere (4 (Fig. 1B) . Labeled virions were isolated from the culture medium and the cytoplasmic fraction of these cells and were analyzed in 15 to 60% sucrose gradients. Intracellular virions cosedimented with extracellular virions with both labels, banding at a typical density of 1.12 to 1.14 g/cm3 (Fig. 1) . SDS-PAGE analysis of the labeled virions revealed that intracellular virions resembled extracellular particles in their proteins (Fig. 1C ) and in their glycoprotein composition (Fig. 1D) . In some experiments, the labeled virions were lysed with SDS and their proteins were immunoprecipitated with a polyvalent goat anti-Moloney MLV antiserum before being subjected to SDS-PAGE, and the same results were obtained (data not shown). These sedimentation and structural properties, together with our previous findings that viral RNA Total RNA was extracted and various amounts of the labeled RNA were hybridized with 0.2 ,ug of virus-specific unlabeled cDNA. The fraction of hybridized RNA was practically the same (3%) throughout the RNA concentration range used, indicating that cDNA was present in sufficient excess to anneal all viral RNA sequences (Fig. 3) . Moreover, this experiment shows that IFN has no effect on viral RNA synthesis.
Functional half-life time of viral RNA. It was essential to determine whether IFN affects the protein synthesis capacity of viral RNA or its stability. To investigate this possibility, we compared the functional half-life time of viral RNA in IFN-treated and untreated cells. Since the synthesis of gag and env gene products is directed separately by two different viral RNA species (12, 24) , it was important to determine the stability of both of these. Thus, RNA synthesis was blocked by adding actinomycin D, and at various times thereafter, the cells were labeled for 10 antisera, respectively. Nonspecific precipitates obtained with normal serum were subtracted. The range of these background values was 10 to 20%. SDS-PAGE analysis of each immunoprecipitate confirmed that 80 to 85% of the precipitated label represented virus-specific proteins (data not shown). The functional half-life time of both viral RNA species is quite similar to that of the average cellular mRNA (Fig. 4) . Moreover, IFN appears to have no effect on the stability of any of the viral RNA species or on their ability to direct the synthesis of virus-specific proteins.
Posttranslational cleavage of viral proteins in IFN-treated and untreated cells. immunoprecipitates. Among the viral proteins precipitated with anti-p30 antiserum, there was a protein with a molecular weight higher than 130,000, which appeared in the first one to two slices of the gel. This could be either the gagpol precursor protein reported by Wood and Arlington (39) or the p30-reverse transcriptase complex reported by Bandyopadhyay et al. (6, 7) . Nevertheless, IFN appears to have no effect on the cleavage processing of either the gag or env gene products (Fig. 5) .
Effect of IFN on the glycosylation of viral proteins. Another posttranslational processing of viral proteins involves glycosylation to produce glycoproteins of the env gene products. To investigate the effect of IFN on this process, IFN-treated and untreated cells were labeled with [3H]glucosamine. At various times of labeling, samples of cytoplasmic fractions prepared from sampled cells were immunoprecipitated with anti-gp69/71 antiserum, and the immunoprecipitates were analyzed by SDS-PAGE. IFN significantly inhibits viral protein glycosylation during the initial stage of the labeling (Fig. 6 ). This inhibition was not a consequence of a reduced uptake of [3H]glucosamine by the cells, since no difference in its incorporation into total cellular glycoproteins could be detected during this timne between IFN-treated and untreated cells (data not shown).
Effect of IFN on the accumulation of intracellular labeled virions and their release. Finally, to follow the intracellular virions in IFN-treated and untreated cells, the cells were pulse-labeled for 10 min with [3S]methionine. After the cells were washed, they were chased with unlabeled medium. At various times thereafter, intracellular labeled virions were isolated from the cytoplasmic fraction of sampled cells and extracellular virions were isolated from their culture medium. The appearance of intracellular labeled virions was detected in untreated cells long before the appearance of labeled virions in the culture medium of these cells (Fig. 7 ). After reaching a maximal level at 3 h of chase, the intracellular virions gradually disappeared, whereas a parallel increase in the amount of 3T3(MLV) cells (33) . These (13, 23, 27-31, 37, 38) . IFNinduced inhibition of viral protein glycosylation has also been reported to affect the assembly of vesicular stomatitis virus (23) .
Finally, it is yet unclear whether the effect of IFN on virus assembly and glycosylation of viral proteins is due to a direct action of IFN on these processes or is an indirect feedback consequence of IFN-induced inhibition of the final virus release. Moreover, the effect of IFN on retroviruses might be a consequence of its interaction with the cell membrane (17, 18) or other cellular effects (16) rather than due to its antiviral activities (17) .
